Pretreatments of low-solids potato process effluent were tested for their potential to increase surfactin yield. Pretreatments included heat, removal of starch particulates, and acid hydrolysis. Elimination of contaminating vegetative cells was necessary for surfactin production. After autoclaving, 0.40 g/L of surfactin was produced from the effluent in 72 h, vs 0.24 g/L in the purified potato starch control. However, surfactin yields per carbon consumed were 76% lower from process effluent. Removal of starch particulates had little effect on the culture. Acid hydrolysis decreased growth and surfactant production, except 0.5 wt% acid, which increased the yield by 25% over untreated effluent.
Introduction
Numerous investigators have examined chemical surfactants to enhance in situ removal of hydrocarbons, pesticides, and polychlorinated biphenyls (1-3). Chemically synthesized surfactants, however, are not always environmentally benign (4, 5) and are frequently expensive. Biosurfactants have been suggested as replacements for synthetic surfactants in environmental remediation, as well as for food emulsifiers, detergents, and use in tertiary oil recovery (6). Biosurfactants are potentially desirable vs synthetic surfactants on the basis of biodegradability, lowered toxicity, and the potential use of renewable substrates for their production (6).
Surfactin is a powerful cyclic lipopeptide antibiotic biosurfactant produced by Bacillus subtilis (7) . Purified surfactin has an aqueous critical micelle concentration of 25 mg/L and lowers the surface tension to 27 mN/m (7). Surfactin has been produced from glucose and other monosaccharides in amounts ranging from 0.1 to 0.7 g/L (8-11). Foam fractionation techniques and the addition of iron or manganese can improve yields to 0.8 g/L (7). High medium and separation costs limit surfactin's use in lower-value applications such as in situ bioremediation and enhanced oil recovery (7, 12) . However, high-purity surfactants are not needed for environmental or enhanced oil recovery applications, and thus substrate costs and product yields become overriding constraints (12).
In a previous study, we showed that B. subtilis ATCC 21332 produces surfactin from a low-solids (LS) potato-processing effluent (13). In the present study, we examined the effects of several pretreatments on surfactin production from LS potato process effluent. Tested were the effects of autoclaving, removal of particulates, and dilute-acid hydrolysis at several levels of severity. The data show that although it is necessary to initially kill contaminating vegetative cells in the effluent, no significant benefit in surfactin production is gained over the unamended effluent by further pretreatments. However, surfactin yield was increased slightly by diluteacid hydrolysis of the substrate before use.
Materials and Methods

Potato Substrates
LS potato process effluent was obtained from a southeast Idaho potato processor. An average composition of the effluent is presented in Table 1 . Effluent slurry was diluted 1:10 by volume with nanopure water before use. Diluted effluent was pretreated and tested for surfactin production. Control experiments utilized both the diluted effluent and a purified potato starch obtained from Sigma (St. Louis, MO).
Pretreatments
Pretreatments included autoclaving, filtration, and dilute-acid hydrolysis. Autoclaving was done at 121°C for 20 min. To prepare the filtered effluent, diluted LS was centrifuged for 10 min at 1180g. The slurry in the lower half of the tube was discarded, and the supernatant slurry was filtered through P8 filter paper (average pore size of 20 µm; Fisher). The filtrate (FLS) was used as the final substrate after autoclaving. Dilute-acid hydrolysis of diluted LS was done by autoclaving after adding 1.42, 2.85, or 5.69 mL of concentrated H 2 SO 4 to the undiluted effluent and adding sufficient nanopure water to give 500 mL of 1:10 diluted LS containing 0.5, 1.0, or 2.0 wt% H 2 SO 4 . The acid-hydrolyzed substrates were neutralized with 10 N NaOH before use. Acid-hydrolyzed substrates were designated ALS 1 ⁄2, ALS1, and ALS2, respectively. Untreated and pretreated media are summarized in Table 2 with their initial data.
